The operation process for a class of closed-loop supply chain system with remanufacturing is considered. In this system, the manufacturer is in charge of reclaiming and re-disposal of the returned products. The remanufacturing costs like operation costs for disassembling collected product and refurbishing disassembled part, and disposal costs of disassembled part are all uncertain. Based on the early research results, an operation model is constructed to maximize the total profits by optimally deciding the number of purchased parts from external suppliers, the quantity of parts to be processed at each remanufacturing facilities. A numerical example is designed, and the results shown that the model is both solution-robust and model-robust.
I. INTRODUCTION
The literature body on reverse logistics and closed-loop supply chain management issues is growing rapidly. The research efforts dealing with the recovery production optimization problem by taking into account explicitly and jointly the disassembly process and inventory management issues have reached a critical mass [1] . For example, Feldmann, Traunter, and Meedt (1999) touched upon the issue of disassembly costs [2] . Recycling costs and benefits differ for specific fractions of recovered materials. The more important economic considerations to be taken into account during the disassembly process include such factors as added-value to products and materials during manufacturing, disassembly costs and revenues per operation. Srinivasan and Gadh (2002) , addressed the issue of disassembling a geometrically constrained assembly of components by considering spatial and user defined constraints [3] . Finally, McGovern and Gupta (2007) tackled the disassembly line balancing problem by proposing a genetic algorithm for obtaining optimal or near-optimal solutions [4] .
The impact of remanufacturing in economy is studied by Ferrer and Ayres (2000) [5] , and more fundamentally, Sundin and Bras (2005) provide arguments for why used products should be remanufactured [6] . Jayaraman, Patterson, and Rolland (2003) proposed a general mixed-integer programming model and solution procedure for a reverse distribution problem focused on the strategic level [7] . Moreover, Kim et al.(2006) deals with remanufacturing execution at operational level. They propose a general framework for remanufacturing system in reverse logistics environment and a mathematical model to maximize the total cost savings by optimally deciding the quantity of parts to be processed at each remanufacturing facilities, the number of purchased parts from subcontractor [8] . By modifying the framework of the remanufacturing system in literature [8] , Xu and Zhu (2008) propose a closed-loop supply chain system, and construct an operating model for this system in a deterministic environment in which we assume that market demands and returned products from customers are constant, and design a numerical example to verify the validity of the model [9] .
Recently, Xu et. al (2009) constructed an operation model for a Class of Manufacturing/ Remanufacturing System with Uncertain Demands by using the approach of robust optimization based on scenario analysis [10] . In this paper, based on the structure of manufacturing/remanufacturing system in literature [10] , we consider remanufacturing costs uncertainties, and construct an operation model for a closed-loop supply chain.
II. OPERATION MODEL FOR CLOSED-LOOP SUPPLY CHAIN SYSTEM

A. The Structure of Closed-loop Supply Chain System
We consider a class of closed-loop supply chain system with remanufacturing based on the framework for remanufacturing system in literature [10] . The system includes a manufacturing subsystem and a remanufacturing subsystem. The remanufacturing subsystem starts with returned products including end-of-life product from customers. Then, they are collected to the collection facilities, the returned products are disassembled to remanufacturing. The cleaned products from the collection site are disassembled in the disassembly site. Disassembled parts are classified into the reusable parts and non-reusable parts. The former go to refurbishing site for repairing and cleaning, the latter dealing with wastes go to the disposal site to landfill or incinerate. After refurbishing process, 'as new' parts are stocked as part inventory together with new parts from the external supplier. Finally, parts in inventory are supplied to the manufacturing plants according to the company's own production plan. In the manufacturing subsystem, according to customer's demands, the manufacturer has two alternatives for manufacturing: either ordering the required parts to external suppliers or overhauling the returned products and bringing those back to 'as new' conditions. The structure of this system is shown as Fig.1 . 
B. Notations
Indices:
Parameters: 
C. The Operation Model for the Closed-loop Supply Chain System
According to above indices and parameters, the operation model for the closed-loop supply chain system with remanufacturing shown in Fig.1 can be stated as follows.
Objective function:
The Manufacturer pursue profits maximization, the objective is to maximize the total profits by optimally deciding the number of ultimate products to be manufactured, the quantity of parts to be processed at each remanufacturing facilities, the number of purchased parts from external suppliers. It is measured by the gap between the income for ultimate products selling and the total cost for manufacturing products, the purchasing cost for all parts from the external supplier and the remanufacturing process cost for returned products and their parts, etc (Here, we don't consider the costs for collecting the returned products). The remanufacturing process cost includes not only set-up and operation cost but also idle cost at each remanufacturing facilities.
The objective function of the operation model for this closed-loop supply chain system not considering the uncertainties of remanufacturing costs can be expressed as blow. 
Through linearizing these non-linear disturbances by using the robust optimization method based on interval analysis [11] , the objective function can be rewritten as following. 
The inventory quantity of part cannot exceed the predetermined capacity of the part inventory. , ,
The disassembly quantity cannot exceed the capacity of the disassembly site. , ,
The refurbishing quantity cannot exceed the capacity of the refurbishing site. ,
Set-up constraints for setup at the refurbishing site and the disassembly site. * , ,
Where, M is a large enough constant. The lower bound of disposal rate for disassembled part. * , ,
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III. SIMULATION ANALYSES OF NUMERICAL EXAMPLES
Using a numerical example, we will illustrate how the model works in the proposed structure and gain some insights into the proposed model. We assume that there are three types of products, five types of parts from those products, and 4 time-periods for planning horizon. TableⅠshows the quantity of ultimate products required by customers , The price of ultimate products, and the amount of used products that are collected from customers to the collection site at each period, and Table Ⅱ indicates a BOM of each product by which parts are assembled to a product. The unit purchasing cost for each part type is showed in Table Ⅲ The lower bound for disposal rate of disassembled part is set to be λ i =8% for all parts by which usually company wants to reduce remanufacturing inefficiency. Initial inventory for each part and collected product are set as Other relevant cost data are also generated but not show here. We use LINGO9.0 for solving our mixed-integer programming model on a PC with Pentium Ⅳ 2.20GHZ. When remanufacturing costs are all certain, the operation strategies for this closed-loop supply chain system are shown in Tables Ⅳ-Ⅵ, the total profits of the system is 2926700. Table Ⅳ shows that all customers' demands are filled at each period, Table Ⅴ represent the collected product quantities to go to the disassembly site and the inventory level of collected products. Note that, all the number of disassembled products (except product 3 at time 4) are 150, and equal to the capacity of the disassembly site. The inventory of most products are not equal 0, we can say that the capacity of the disassembly site is insufficient. Table Ⅵ shows the number of purchasing, refurbishing and inventorying for each part. When the unit operation cost for disassembling collected product DSVC p is uncertain, and let maximum fluctuation ratio is equal to 2%,4%,…,20%. We resolved the model, the total system costs and the differences to certain case are list in Table VII . The optimal operation strategies are all unchangeable when the maximum fluctuation ratio doesn't exceed 20%. DspC is uncertain and all remanufacturing costs are uncertain, we can get the same result like above. So we can conclude that the model we proposed is both solution-robust and model-robust when remanufacturing costs are uncertain.
IV. CONCLUSIONS
This paper discussed a notion of a class of closed-loop supply chain system with uncertain remanufacturing costs. By modifying the general framework in view of supply planning in literature [10] , we developed an operating model to optimize the operation process of the closed-loop supply chain system under uncertain environments. The model determines the quantity of products/parts processed in the remanufacturing facilities and the amount of parts purchased from the external suppliers while maximizing the total profit of the closed-loop supply chain system. We presented a numerical example to analyze and validate the model by using a small set of data but reflecting real business situation. The results of numerical example show that the model we proposed is both solution-robust and model-robust when remanufacturing costs are uncertain.
